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contain only Syto 9 whereas dead cells with a compromised membrane are stained red by PI.
184
Injured cells with a permeabilized membrane will contain both dyes in a ratio proportional to 185 the degree of membrane damage and will exhibit orange fluorescence (Cronin, 2015) .
186
Data acquisition and analysis were carried out using the BD Accuri C6 software v. 
221
The level of significance was determined at P < 0.05.
222
Split plot design was used to determine the effects of sample location, salt gradient, 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

11
ANOVA for the split plot design was carried out using a GLM procedure (SAS, 1995 those observed for Swiss-type cheese using similar cultures (Sheehan, et al., 2007; 2008) . A 267 slight decline in cell numbers was evident in cheeses using a combination starter blend after 
278
Cheese manufactured with combined starters and brined at 18 % had significantly lower 279 levels of cell viability in the outside, compared to the inside layer (P < 0.05) of the cheeses 280 throughout ripening, and similarly but to a lesser degree for the cheeses brined at 22 %. suggesting inhibition of intracellular enzymes throughout ripening due to salt levels alone is 337 unlikely.
338
The highest levels of LDH activity were observed in the inside layer of cheeses made 339 using a combination of S. thermophilus and L. helveticus with both 22% and 18% brine 340 concentrations. These cheeses showed LDH activity levels of > 7.0 LDH units/ ml of sample 341 compared to < 4.0 LDH units/ml of sample in the corresponding outside layers after 11 d of 342 ripening. These results also suggest that cell lysis and enzyme release is not only salt the outer cheese layers (Fig. 2) , but failed to explain the discrepancy with the plate counts 407 indicating higher bacterial survival in the core of the cheeses (Figure 1 A,B) . nutrients deriving from the progressive rise of the NSLAB population (Fig. 1 C) .
462
Bacterial cells located in the cheese surface were found to be more subjected to oxidative 463 stress than those of the cheese core within LH only and combined starter cheeses, as thermophilus viability in the cheese inner layer (Fig. 1 B) . Cryphonectria parasitica (Garnot & Molle, 1987 Lüthi-Peng, & Puhan, 1999).
485
The results observed in this study indicate a significant increase (P < 0.05) in levels of breakdown of the β-and α s1 -caseins. Levels of % pH 4.6 SN/TN were significantly higher (P
492
< 0.05) in the inside layer compared to the outside layer of all cheeses. (Fig. 8 A) . The all other cheeses (Fig. 8 B) .
524
The impact of salt concentration and starter type on individual FAA levels at 26 d of 525 ripening are shown Table 3 . Significant levels of glutamate, leucine and lysine and elevated 526 levels of alanine, valine, arginine and proline were evident in cheeses made using L. ripening, which is in agreement with LDH enzymatic results (Fig. 2) .. Cheese made using S.
533
thermophilus-only did not contain significant levels of any FAA's and it can therefore be 534 suggested that it is not a significant contributor to secondary proteolysis in cheese. potential quality and consumer acceptability issues.
568
The results of this research forces cheese manufacturers to reconsider how they view salt Tables   1   2   Table 1 3 • Cell shrinkage suggestive of internal macromolecule condensation due to hyperosmotic stress.
• Microbiota in the outer cheese layer experienced greater levels of oxidative stress.
• Brining alters physiology of local microbiota.
• Brine salting may result in variations in cheese ripening due to variations in salt concentration.
